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Outline

e | UX detector

¢ \Who - the LUX collaboration

e \What - dark matter direct detection experiment

e \Where - Sanford Underground Research Facility, Lead, SD

e Current experimental results

e Surface commissioning (Winter 2012)

e Underground data (Jan 2013 - present)
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LEX

The LUX Detector

Thermosyphon ‘

- I Breakout cart

LUX is dark matter direct
detection experiment using
350 kg liquid Xe to search for
elastic scattering of WIMPs
off of Xe nuclei

Water tank

Source tubes

Electron Recoil
{gammas)

Cryostat

Nuclear Recoil
{neutrons, WIMPs)

WIMP search energy region
Nucl. Instrum. Meth. A 704, 111-126 (2013) ~few keV to a few tens of keV 4



LEX

LUX - A TPC at heart

Record both primary (S1) scintillation signals and secondary (S2)
scintillation due to electrons drifting away from primary event site
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Self-shielding of LXe reduces backgrounds

Depth [cm]

LUX PMT ER backgrounds (0-25 keVee)

with unoptimized 100 kg fiducial (dashed)
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LUX Cryostat

Lc (cooling)
Condenser

L, (adiabatic)

Ly (heating)
Evaporator
(Colkd Head)

Use thermosyphons for
efficient, passive cooling

Hamamatsu R8778,
12 stage 2.2” PMTs
(61 top/61 bottom)

Top thermosyphon Feedthroughs

Titanium cryostats
Radiopure Ti < 0.2 mBqg/kg

Constantly circulate and

Anode and electron purify Xe in gas phase

extraction grids

Xenon recirculation
and heat exchanger
300 kg active liquid xenon

PTFE reflector panels
Cathode grid

Photomultiplier tubes

Bottom thermosyphon



LUX Inner

Detector

Top
grids

PTFE
reflector
panels

Bottom
grids

Top PMT array

Gamma
shield

mram'ug*

__ Field
rings

Ml

AL

i

i

>,,,
"!
.|

W
)

=
=

=
-
-
.
==
=
-
=
=
-
-
-
=
=
e |
=
i
am
o
-
e
e
-
=
=]
B
1
£
-

AR RN

IIN'

|

Gamma
shield

Bottom PMT array



L UX Water Shield

-
P e N .

LEX

300 T de-ionized water shield,
20’ high, 25’ diameter SS tank to
reduce cavern & cosmogenic backgrounds

Flux Attenuation in Water
(Normalized to Number of Incoming Particles)
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Instrumented with 20 Hamamatsu R7081 10”
diameter PMTs for veto of coincident NR candidates
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LEX

Detector calibration

Collimation Hole Handle

Reducer (Tungsten)
Casing (SS)

N

Tungsten Shield N
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‘ _ Tungsten Shield
Casing (SS) - Back Plate

External sources:
241AmBe, '¥’Cs, D-D neutron generator

Internal sources:
83mKr 3|_|

Due to self-shielding of LXe, internal sources preferable 10



Sanford Underground

Research Facility (SU

LG

RF)

Lead, SD, located in Black Hills

\

N
PACIFE
Aocuv 4

CANADA

Location Map of
SOUTH DAKOTA

Former Homestake gold mine -
repurposed as a “science mine”
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LUX at SURF

Large Undecground Xenon—LUXLZ
(First and second generation dark matier)

Open May 2012

Mascaana DevonsTraToR Mutt-functional lab module
(Neutrinoless double-beta cecay) (Third generaton dark matter)

Opan May 2012
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LUX In the Davis Campus

Control room Breakout system Clean room

Liquid nitrogen system

-
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N
i

/

Water tank

=
Xenon Cryos ard 1L 4rd -
recovery ‘
bladder

Gas system
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Current

—Xperimental

Results

0%
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D . < .

LU
Surface Commissioning

Main Envante |

P——— re— Lndovont Above ground operation Dec 2011 - Feb 2012
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Demonstrate position reconstruction

Estimate resolution of ~7 mm
for high-energy events
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Underground operation since January, 2013

83mKr gas events injected
Into gas circulation line,

1.8 hr half life

Load .evt and analysis_settings.xml files
[Volumes/LUXUndergroundData/LU;
\' analysis_settings.xml
Event List: [33 911 924 935 1089 Load

Colorbar range: to (Update Hit Pattem)

Hit Pattern phe

1656

<< [ 1689 ‘ >>

Status
[~Average gain: 15.786250 mvns
| Elapsed Time: 13.8s
| Running LUXCalibratePulses...
‘ Elapsed Time: 2.8 s

Running LUXSumPOD...
| Elapsed Time: 16.1's

105_ .................. g e R g s e

phe f sample

phe ¢ sample

Options (tum off RQs for speed)

lux10_20130104T0933 - event 1689

samples

() Timing () Prompt Fraction

(C) Exponential Fit () Gaussian Fit

(] Seperate Traces (] Threshold [} mV
(C) Area (] Sum only (faster) () No Hit Pattem (faster)

I 'I I
.
. . o, .
. . - .
.
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Backgrounds in underground data

See poster by D. Malling for details!

1 OO LUX Preliminary
127X' /129my
° 214e 238 “1Bi (238U) 40
Pb (<7"U) 600, K
% G 228 (23271
E 214g; (238U)
o i
X
~ 1 e
o 10 k :
> oo, @2y
ic 2081} (2321, 19900
n
©
10_2 I I I I L1 11 I I
0 400 /00 1000 2000
single+multiple scatters Energy deposited [keV_ ]
r<21cm

183cm<z<46.5cm
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cts / keV

Tune simulation to high-energy backgrounds

/ kg / day

ee

LUX Preliminary

Black - Data
Grey - Initial guess
Red - Best Fit

500 1000 1500 2000 2500 3000
Energy deposited [keVee]

No radial selection
12cm<z<47.5cm

LG

Region Isotope

Initial Guess |Bq]

Best Fit |[Bqg|

Top Zny 0.58 0.62
2327h 0.16 0.23

K 4.0 2.7

60Co 0.16 0.22

Bottom 2387) 0.58 0.87
22Th 0.16 0.25

0K 4.0 3.8

60Co 0.16 0.30

Side 2387 0.78 0.22
2327Th 0.33 1.5

10K 1.4 2.4

60Co — 0.36

Predicted backgrounds from SOLO
screening of PMTs (top/bottom),
superinsulation, and plastic thermal

insulation (sides)

20




Radon-related backgrounds

The Uranium-238 Decay Chain The Thorium-232 Decay Chain
Atomic Number Atomic Number
82 83 84 85 86 87 88 89 90 91 92 81 82 83 84 85 86 87 88 89 90
Only main decays are shown ‘ Ra-228| ( |Th-232
Gamma emitters are not indicated Th234| O |U-238 Only main decays are shown 5758 [ €|, 1d%
2414 [ 45x10%a Gamma emitters are not indicated S |
" B Thc-228
B TPa-234 6.15h
117 m B B

N
Po-212|( O o
200m @’mw ( o YRn222| © [Razzel © |m-230 a\u-z:u 106h Q’%ﬁ%‘f ‘Rs:%z:,*— ?&22:4(1— %“:2:
268m 305m 3824 [ 1600 a | € 77x10% [ € 2 4x10°a B
TI-208 ! o 585-212
B ” 3.05m 60.6 1y B

Element Names Half-ife units

* 199 §) Element Names Half-life units \- Th - thorium a-years

‘ U - uranium a-years B Pb-208 Po-212 Ra - radium d - days

Pb-21 o -214 Th - thorium d - days Stable 0.3x10 Ac - actinium h - hours

223 m#. Ra - radium h - hours Rn - radon m - minutes
Pa - protactinium m - minutes Po - polonium s - seconds

[} Bi-210 Rn - radon s - seconds Bi - bismuth
50d B Po - polonium Pb - lead

Bi - bismuth TI - thallium

Pb-206 Po-210 Pb - lead

Stable ( [|13844a

Can easily pick out & recoils in data due to high light to charge ratio,
B can be used to tag Bi-Po coincident decays

Potential backgrounds
in DM search region
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LUX Preliminary
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—stimating Rn-related backgrounds in data

See poster by A. Bradley for details!

LUX Preliminary
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Where are the Rn daughters located?

218Po/212Bi 214Po 210Po

222Rn
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See radon progeny

1S

which is expected to
occur on surfaces due to
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Top-down view of Rn progeny

214Po
£ 20 £ 20 £ 20 TV L £ 20
L L L B )
5 5 A voocac:se\l
= 0 = 0 = 0 X . (s ..";,v < R = 0
@ @ e e Il
2 8 8 Al e 8
1 -20 » 4 -20 ¥t 1 -20) %o 4 -20 A
-20 0 20 =20 -20 0 20 -20 0 20
x—position [cm] x—position [cm] x—position [cm] x—position [cm]

See x-y localization of thoron decays

220Rn

218Po/212Bi

r— SN r— r—
£ 200 <. |E 20 £ 20
L, Y Tk | & 2,
c VR | € c
o N et Ey Ty o o
s 0l weignyias 0 = 0
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LEX

Measured rates of & recoils from RBn chain

LUX Preliminary

Decay Chain | Isotope | Half-life = Event Rate (mHz) General Position
“2Rn | 3.82dy | 18.6 4 0.2 += 4.2, Uniform throughout bulk
“I%Po | 3.05 min | 15.7 + 0.2, + 3.5gys Uniform throughout bulk
28y Mpo | 162.30 us | 4.0 £ 0.140 £ 0.6, Sparse throughout bulk
210 , > 21.8% Walls
o | 13838 dy > 10.4% Cathode

“0Rn | 55.80sec | 2.5=0.14,, £0.7, | Quadrant I, sparse throughout bulk
“15pq 0.15 sec 3.0 = 0.14¢at + 094y« | Quadrant I, sparse throughout bulk
<12Bi | 60.54 min | 15.7 & 0.21at £ 3.5sysl Uniform throughout bulk
“Zpg 0.30 us not measured not observed

232 Th

i Adjusted for a 52% event reconstruction efficiency from measured value.
* These populations are suppressed due to 52 loss.
t Undifferentiated from ?'®Po rate.

Observe ~20 mHz 2??Rn rate, approximately stable during underground operation
Also observe 3 mHz 229Rn rate = 232Th contamination in detector

>19Po rate reflects '°Pb plate-out on surfaces prior to underground deployment

25
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LEX

Implications

LUX Preliminary

Background Rate Comparison/Context
F(a,n) from *'"Po o on PTFE | 21.8 mHz = 0.017 n/day = PMT neutrons: 1.2 n/day all tubes
<U5Pb 102 keV recoils 32.2 mHz Fiducialization removes these
[218po, > Iz214py,,, > I'a1ap,, PMT ER BG: 0.5 mDRUee
214pp untagged S 0.11-0.44 mDRU,_, 100 kg unoptimized fiducial
260 kg total active region ‘ [D. Malling APS 2013]

Range bounded by measured ?'8Po and ?'*Po « recoil rates

See approximately steady rate of radon progeny during
underground running, the sources of which are under investigation.
However,
contributions to our WIMP search background are within
previous background estimations.
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Independent check of 214

Pb background rate

y

cts /keV  /%%°Rn deca

ee

0

: : 10° ,
‘ LUX Simulation - LUX Preliminary
3 }
1 ] i 104; g
S r‘l_
10?- " L rrl 4 |
* 2 | e
10 1 s » | |
10 |
| al — Measured Jun 20 - Aug 8
10 ¢ 127 3
105! | f Xe (115 uBg/kg)
. . . . . —?11pp (32 1Bg/Kg)
0 500 1000 1500 2000 2500 3000 : ; s :

. 200 300 400 500
Energy deposited [keV,} Energy deposited [keVee]

Estimate rate of 21“Pb B decay directly from energy spectrum

Obtain rate of 8.3 mBq, corresponding to background rate in
WIMP search of 0.23 mdruee

600
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LG

Activated Xenon

1 U- i T T T T

- LUX Preliminary = Dala
Xel27:0.72Hz

___ Xel133:0.96 Hz

Xel131m:1.20 Hz
Xe129m: 0.96 HZz H

Observe decay of cosmogenically-activated

S0 Xe lines during operation underground
g |
\ﬂ
10_3[] 1[110 2[IIEI 3[110 4UID 500
Energy[kevee]
16 . . 3 . . .
127X e - 438 keVee | 131mYa - 164 keVee
14 I ) T=52d 2.5 \.-1 T=17d
512 @ S |1 f
= ; 2150 | > -
£ 10} T £
2 G %ﬁ% s ey
8| B h@c 0.5} @t -I
LUX Prelimin[a_ﬁry I LUX Preliminary
% 10 20 30 40 % 10 20 30 40
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Projections
e | UX has been operating “'E 10~ Q CoGeNT (2011) 2
underground since spring 2013 'E' H\
O
_ E —-42
e Stable detector operation has . 101
been achieved! 5
g 107
e Expect first WIMP search result =
to be announced in autumn 2013! £
o
= 46
— 10 |
<

WIMP Mass [GeV/c?]
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Sackup
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Contribution of predicted backgrounds

cts/keV /k

g / day

ee

LUXSim predicted ER background activity

(internals only) in 100 kg unoptimized fiducial

/o

Simulation Only -

—PMTs
~——Cryostats
Cryoslats

] ™=PTFE

| |==HDPE

1 |~ Insulation

1 |==PMT Mounts
1 |——FCS

== |R Shield

=Sk}
] |=—Sum (Measured)

== Sum (ULs)

Energy deposited [kevee]

' 3
AU A 4
L\ 3 ',IHI . a
‘1 ~ “t
o N 3¢
500 1000 1500 2000 2500

Solid lines are positive
measurements from
SOLO counting;
Dashed lines are ULs
from SOLO counting
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Simulated background distribution in detector

LUX Simulation log,(DRU)

N
o

oy
o

Height [cm)]

N
o

—
o

0 5 10 15 20
Radius [cm)]
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Measuread

RN daughter energies

Isotope Known Energy (MeV) Measured Energy (MeV) | Decay Chain
*2Rn 5.59 5.59 =+ 0.08*
“*Po 6.16 6.12+ 0.10 2387
<1ipo 7.84 7.801+ 0.2
10po 5.30 5.22 + 0.09
““Rn 6.41 6.47 = 0.09
<10pg 6.91 6.95 0.1 232,
“12Bj 6.21 6.12 = 0.10
“12pg 8.83 not measured

*The 2Rn line was used to anchor S1 pulse size-to-energy scaling.
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Gamma+X

Gamma-X Event Rates for Given Total Energy Deposition
(LC & LY Correction)
10° |

LUX Simulation

y

ee

cts/ keV /da

/ — Al
[ — Vertex in Fiducial Region|]
I I 1 1
50 100 150

Total energy deposited from all vertices [keVee]
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